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FORWARD
I started theMFA program in 1987. In 1988 I became involved with the
George Eastman House/InternationalMuseum ofPhotography and the Image
Permanence Institute at RIT. During this period my focus shifted from being an
active image maker to the care and preservation of collections ofphotographs. In
1989 I was hired by the Image Permanence Institute to manage an NEH
sponsored grant studying the effects of air pollutants on micrographic products.
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Much of the world's accumulated information exists in the form of printed books on
acidic, embrittled paper. A large effort is now underway to preserve the information
content of such books bymeans ofmicrofilming, using both black-and-white and color
films. Beginning in 1989, the Image Permanence Institute at Rochester Institute of Tech
nology in Rochester, NY, USA, undertook a four-year study of the effects of four com
mon air pollutants on library microforms. The studywas funded bymajor grants from
theDivision of Preservation andAccess of the National Endowment for the Humanities
and theAndrewW. Mellon Foundation.
Air pollution has been shown to be a major contributor to the deterioration of
historicalmonuments and the outside surfaces of buildings [1]. Studies have shown that
the levels of certain pollutant gases inside buildings can sometimes be 50% to 100% of
the outside levels [2, 3, 4] and that these pollutant gases are a threat to the long-term
keeping of archival collections [5, 6]. Among thematerials in such collections are photo
graphic products, and there is very limited quantitative data about the effect of pollut
ant gases on photographic images.
Most of the research on air pollution effects on culturalmaterials of all kinds has
been limited to gaseous atmospheres containing only one gas and one temperature/
humidity condition [6, 7], mainly because the apparatus needed to create, maintain, and
monitor these atmospheres is so costly and complex. In seeking to explore pollutant
effects, it was first necessary to design temperature and humidity chambers that could
withstand corrosive environments, closelymaintain a wide temperature and humidity
range, and allow easy changing of gas concentrations or mixtures of gases. Many chal
lenges were met in acquiring all the needed equipment, since much of itwas not avail
able "off the
shelf."
The primary focus of this research was determining the relative sensitivity or resis
tance of various photographic materials to specific gases. Preliminary experiments were
performed using ozone and N02 in desiccator jars. N02was supplied by permeation
tubes and ozone by a small-scale corona-discharge ozonizer. These two gases were
chosen for the preliminaryworkbecause they are both aggressive oxidizers, and they
offered the potential for quicker results than the sulfur-containing gases. This prelimi
naryworkwas completed at the same time that the primary pollution apparatus was
being constructed. A temperature/humidity/gas-concentration/incubation-time matrix
was then implemented upon completion of the chambers. Themost important results of
this research are outlined here.
TEST APPARATUS
The equipment used in this project is unique and was constructed with the intention of
being used in ongoing pollution-related studies.Making the chambers resistant to the
corrosive atmospheres thatwere to be used was a primary concern. It was felt that
while the materials used in standard temperature/humidity-type chambers was ad
equate formost accelerated aging, a standard chamberwould not withstand the condi
tions proposed in this research. Furthermore, with the injection of gases, withdrawal of
sample gas, and added instrumentation ports, any standard chamberwould have to be
retrofitted. Another concern was containment of the test atmospheres. Retrofitting
existing chambers would compromise the already inadequate seal available on these
units. Itwas decided that designing a custom-built unit would allow the incorporation
of inert, highly resistant construction materials, and ensure amore positive containment
of the gaseous atmospheres.
Richard Codori, the consultant hired to assemble the various components of the
system, had worked with a company inWilliamsport, Pennsylvania, Lunaire Environ
mental Inc. Mr. Codori felt that theywere the best choice because of their history of
custom-built products and his working relationship with
them. Section A-A ofAppen
dix A shows a drawing of the chambers viewed from above. Conditioned air and gas
move in a circular path, passing from the main
chamber back into a compartment at the
rearwhere the blowers, heaters, cooling and dehumidification coils, and gas inlets are
located. After passing over the coils, etc., the air is blown back
into the main compart-
ment in a continuous circulation. Section B-B ofAppendix A is an exterior front view of
the chambers, showing the cooling and dehumidification compressor, the vapor genera
tor, instrument and communication penetrations, and the removable rear stainless steel
panels. Section C-C ofAppendix A shows a side view of the chambers. There are two
blowers and blowermotors because the chamber volume is large, and thorough mixing
of the atmosphere is needed.
One of the primary issues in the chamber designwas the composition of the liner
(inside walls of the chamber). Mr. Codori's experience with temperature and humidity
chambers, alongwith some experience with corrosive test environments at Kodak,
indicated that stainless steel probablywould not hold up over a long period of corrosive
attack by the gases, especially at high temperature and humidity. Itwas decided to
investigate the use ofTeflon for construction of the liner. However, Teflon proved to
be impractical because there was no way to weld or join it tightly enough tomaintain
the sealed environment. Lunaire suggested polyvinylidene fluoride (PVDF) as an alter
native liner material. PVDF is the fluorocarbon analog of PVC plastic, and its chemical
resistance is almost as good as Teflon. PVDF is sold under the trade nameKynar.
Themain advantage ofKynarwas that it could be welded, and thus would be a prac
ticalmaterial for this application. Weld details are shown in DetailA of the drawings in
Appendix A.
An investigation ofKynar showed that itwould have more than enough chemical
resistance to warrant its use as the chamber liner. The one disadvantage was its expense;
not onlywas thematerial itself expensive, but it necessitated a
thorough re-engineering
ofmany aspects of the chamber design. For example, the
thermal coefficient of expan
sion for PVDF is larger than that of type 316 stainless steel, and the chamberwould in
fact expand up to 0.75 inch over its operating range. This had to be
planned for in the
steel frame holding the liner and in all the fittings that penetrate the liner (coils, drains,
gas inlets, sensors, etc.).
A sketch of the completed pollution chambers is shown in Figure 1. The gases are
Figure 1 Layout oflPI Pollution Studies Lab. (A) Computer terminal. (B) Pollution chamber. (C) Gas
monitoring equipment. (D) Cutaway view offree-hangingfilm samples within pollution chamber. (E)
Gas canisters. (F) Sample preparation area.
supplied to the chambers (B and D) from storage tanks (E), except for ozone, which is
generated on demand using a high-voltage discharge. The tanks of gas are stored inside
a ventilating hood, which is also the air plenum from which the room air is removed by
the building-wide ventilation system. The entire roomwas planned and specially built
for the pollution apparatus.
The chambers (B and D) can provide controlled temperature, humidity, and gas
concentration over a wide range (10%-90% relative humidity,
24-90
C). The operating
conditions are set and monitored from an IBM PC computer (A) via a software interface
with two ANAFAZE 8LS controllers located in the instrument rack (C).
The concentration of gases inside the chambers can be measured continually dur
ing experiments, and the measurements can be used to automatically regulate the
amount of gas introduced into the chambers. The gas monitors used in the project are
all made byMonitor Labs Inc. The ozone monitor is amodel 8810 U.V. Photometric
Ozone Analyzer. Nitrogen dioxide is measured by a model 8840 Chemiluminescent
Nitrogen Oxides Analyzer. Sulfur dioxide and hydrogen sulfide aremonitored using a
model 8850 Fluorescent S02Analyzer alternatively equipped with amodel 8770 HjS
Converter. Themonitoring equipment ismounted in the instrumentation rack (C), and
is calibrated by aMonitor Labs 8500 calibrator. All of the equipment is interfacedwith
the controllers and subsequently the computer.
SAMPLE MATERIALS
Eight commonly used micrographic films, three conventional color hard-copymaterials,
and a very sensitive colloidal silver film were tested. A list of the
specific materials
appears below.
1. Negative color motion picture film (Kodak 5272).
2. Positive color motion picture film (Kodak 5384).
3. Ilfochrome colormicrographic film (Cibachrome CMM). This film is being
used in a number of color preservation microfilming applications.
4. Source documentmicrofilm (Fuji HR2).
5. Source documentmicrofilm, polysulfide treated (Fuji HR2). This treatment
provides increased protection of the silver image to oxidants [8].
6. Direct duplicatingmicrofilm (Kodak 2468). This film is widely used in
the
microfilm industry.
7. Diazo microfiche (Xidex). This product is an importantmicrographic film for
user and service copies. The dye image in this film is based on diazonium salts.
8. Vesicularmicrofilm. This is also a widely used print
material that is thermally
processed. The image consists ofminute nitrogen gas bubbles that are formed
within an epoxy binder.
9. Colloidal silver film (detector used in the ANSI Photographic Activity Test).
Although this is not a commercial or user product, colloidal silver images have
proven to be much more sensitive to oxidizing gases than filamentary silver
images [9].
10. Conventional chromogenic color print (Kodak Ektacolor 2001).
11. Thermal dye diffusion print (Kodak Ektatherm).
12. Electrophotographic color print (Canon color copier).
All of the test samples were suspended in the test chamber by a series of stainless
steel rods (approximately 0.19 inch in diameter). Holes were punched in the top and the
bottom of each sample strip allowing them to be threaded onto the rods and hung from
a stainless steel rack (Figure 2). After the samples were placed on the rack, an additional
rod was threaded through the bottom hole of each strip to stabilize them in the chamber
(circulation flowwithin the chamber is quite strong in order to ensure temperature
uniformity and good mixing of the atmosphere).
TESTMETHODOLOGY
Results from these tests consist primarily of reflection or transmission image density
change data obtained from an X-Rite Model 310 photographic densitometer using Status
A filtration. This instrument measures howmuch light is reflected by a print or trans
mitted by a film. Such data indicate whether fading or staining are occurring in the
photographic image as a consequence of exposure to pollutants. Fading is manifested as
a loss in density.




density from light to dark), de
signed to make densitymeasure
ments more convenient and accu
rate. If pictures were used, it would
be hard to measure density accu
rately, because positioning the
densitometer precisely in the same
spot before and after gas exposure
Figure 2 Diagram of sample-hanging arrangement
wouM bg almogt impossible; pic.
within pollution chamber.
hires have many small variations in density thatmake measurement difficult. On each
black-and-white sample seven measurements are taken. On color materials, in addition
to aminimum densitymeasurement, measurements are taken on four patches of vary
ing density for each of three dyes (cyan, magenta, and yellow).
The experiments in this project lasted from one to five weeks at each condition.
During each experiment, samples were removed at five designated times and density
measurements were made. The samples were not reused; five sets (one set for each
length of time) were prepared for each experiment. The change in densitywas then
calculated by subtracting the after-pollutant-exposure density from the original density
taken at the start of the experiment.
GRAPHICAL PRESENTATION OF DATA
Data from this study are reported in Figures 3 to 10. All the graphs
show density change
over time in the presence of a pollutant gas. Inmost cases, the graphs show changes
from an initial density of 1.0. To give some visual meaning to the density values, a
density of 1.0would be a somewhat darkmiddle-tone value, aboutmidway
perceptu
ally between the darkest and the
lightest part of a picture. Figure 3 illustrates themeth
od of data presentation. The X (horizontal) axis is time in hours, up to amaximum of
five weeks. The Y (vertical) axis indicates the density change. If an image is not affected
by the gas (like material A in Figure 3), then there is no
change in density over time, and
the curve is a straight line across the graph. If an image is faded by the gas, then the
curve descends over time (likematerial B in Figure 3).
The magnitude of the effect of the gas is shown by how far the curve departs from
the zero density change mark on the Y axis.
Another feature of the graphs is the line on
Figure 3 marked "Total Dye
Loss."
This indicates complete fading, i.e., loss of all image
density. Since the starting densitywas 1.0, the line of total loss
occurs at -1.0 on the Y
axis. This line of total loss was included to make it easy to gauge the
extent of attackby
the pollutant gases.
Figure 3 Sample graph.



































Role ofHumidity, Temperature, and Gas Concentration in Image Attack
In the past, temperature and humidity have proven to be significant accelerating factors
in the fading of dyes in color photographs and the oxidation of image silver in black-
and-white films and prints [10, 11, 12]. In exploring pollutant effects, the matrix of test
conditions chosen for this project included amoderate RH (50%) and a high RH (80%).
These conditions were chosen to determine if high RHwas an equally potent factor in
pollution-related attack. The results showed that in general, density loss was greater at
80% RH than 50% RH, although some anomalous cases occurred with chromogenic
color films in which losses at 50% RH were larger than at 80% RH. This happened in
atmospheres of 5 ppm 03and N02at both 30C and 50C, but not at 70C. A consistently
higher level of attack on silver images at 80% RH was observed, however.
Three temperature conditions were used in the test matrix: 30C, 50C, and 70C.
Generally speaking , higher levels of density loss occurred with allmaterials as the
temperature was increased. This relationship wasmore consistent at varying tempera
tures than at varying RH's, but therewere some anomalies with temperature as well.
The cyan dye of the chromogenic color motion picture print film was more aggressively
attacked in a 5-ppm N02, 50% RH atmosphere at 30C than at 50C. However, for the
same film samples, the yellow dye loss was similar at both temperatures, and the ma
genta dye loss was less at 30C than at 50C. The effects of increasing gas concentration
by a factor of 10 (from 5 ppm to 50 ppm) were quite consistent (among those materials
that were affected at all).
Effects ofOxidizing Gases: 03 and NOz
Ozone on Color Images
Ozone is generated outdoors through photochemical processes and also can be pro
duced indoors by electrostatic copiers and printers. The data in this study show that
when ozone is present inmoderately high concentrations,
itwill attack and fade con
ventional photographic color materials at room temperature and typical storage
hu-
midities. Figure 4 shows the effect of 5 ppm ozone at 30C, 50% RH on four color photo
graphic materials. (Only themost sensitive of the three dyes from each material are
shown on the graph.) At this condition, the Ilfochrome (formerly Cibachrome) color
micrographic film CMMwas little affected; in fact, thismaterial proved to be very
robust even at the worst test conditions. The curve marked
"NEG"
represents Eastman
5272, a common color negative motion picture film that finds use in colormicrofilming.
"POS"
represents the yellow dye of Eastman 5384 color print film, a common positive
motion picture film that also finds use as color microfiche. Both these films were
strongly attacked by the ozone atmosphere; the positive film had lost about 70% of its
density after five weeks, the negative film about 30%. The data from other conditions
(higher concentrations, RH's and temperatures) generally showed similar trends with
even more aggressive attack.
Themost ozone-sensitive material in the studywas KodakEktatherm dye diffusion
print material (marked "THERMAL") from the Kodak XL-7720 printer. This is a new
"color
hard-copy"
printmaterial that produces photographic-quality images from
computer output. It is used to make prints from the Kodak Photo CD system. Similar
materials are used in printers made by SONY andHitachi. This material had extraordi
nary ozone sensitivity, losing virtually all image density in all three dyes within three
weeks in the 5-ppm ozone atmosphere.
One reasonwhy the thermal dye diffusion print
materialwas so sensitive to ozone
is the fact that the dyes are adsorbed into the polymeric surface of the print and thus are
not protected by a gelatin binder, as is the case with conventional photographicmateri
als. This configuration is inherent in the nature of this product since the dyes are vapor
ized during printing, thereby transferring from a ribbon to the final print paper.
Nitrogen Dioxide on Color Images
Another important oxidizing air pollutant is N02. This
gas is produced by combus
tion at high temperatures and is also characteristic of urban air pollution. Like ozone, it
has been identified as a threat to the double bonds of organic dyestuffs [6]. N02 is a
10
Figure 4 Ozone-induced fading of color micrographicfilms and thermal hard-copy paper at 30C, 50%
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concern because, unlike ozone, it does not readily decompose on indoor surfaces, and it
is difficult to controlwith current air purification systems.Without filtration, concentra
tions ofN02 indoors closely track those found outdoors. The effects ofN02 on color
images were quite similar to those of ozone. Figure 5 shows the close parallels at 70C,
80% RH between ozone attack and N02 attack on color negative and color positive
motion picture film. It can be seen that, in this very harsh environment, both of these
gases are extremely aggressive and fade the dyes quickly. Themagnitude of fading due
to N02was slightly less than with ozone formost dyes at the test conditions in this
study.
Oxidizing Gases on Silver Images
Silver (black-and-white) images are very different chemically from color dyes. With
silver images, the color and density do not depend (as they do in dyes) on where single
and double bonds are located in the structure of a large and complex organic molecule.
The visual appearance of a silver image depends instead on howmuch metal is present,
how themetal is physically distributedwithin the gelatin layer, and on its particle size
and shape. The mechanism of degradation of silver images is generally similar to other
forms of metallic corrosion; it begins with oxidation, creating ionic silver, which in turn
reacts with other constituents of the atmosphere.
Given that oxidation is always the first step in silver deterioration, one would
assume that oxidizing air pollutants would be a threat to silver images. Ozone is one of
the strongest known oxidants. The results of exposing silver films to 5 ppm ozone at
30C, 50% RH for five weeks are shown in Figure 6. Little effect is seen at this exposure
condition. Image silver did oxidize in some tests, but only at elevated temperature and
humidity and massive oxidant doses. For example, at 70C, 80% RH, and 50 ppm ozone
there was substantial image deterioration, but these conditions are so severe that the
gelatin binder layer started to dissolve. In preliminary experiments, N02 concentrations
as high as 1000 ppm were used, and the image densitywould literally disappear in
minutes. In employing such
extreme conditions, however, departure from realitywas so
12
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Figure 6 Comparison of oxidant-inducedfading using O, andN02 atmospheres at 70C, 80% RH, 5
ppm oxidant gas forfive weeks.
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great that the results are of questionable relevance. Even at themost benign conditions
of the testmatrix (5 ppm N02), the oxidant dose was still a factor of 50 above the worst
ambient conditions.
The results of the tests using pure oxidant gases were surprising, because real-life
experiences with silver images suggest that high sensitivity should be observed. Re
cently, the headquarters of Ilford USA in Paramus, New Jersey had an incident where
water flooded some carpeting [13]. The carpet had a bad odor after drying, so a week
end ozone fumigation of the whole office was arranged to deal with the problem. This
caused all the unframed black-and-white photographs hung in the offices to become
discolored and faded and to develop a metallic sheen (silver mirroring) in the high-
density areas. From this andmany other incidentswhere oxidants caused rapid silver-
image deterioration, a high sensitivity to ozone in laboratory tests was expected. Experi
ments did not show this.
However, it became apparent that the combination of an oxidant with another type
of chemical action (a reducing or a sulfiding action) can lead to rapid silver-image
deterioration. Two examples which occurred in the IPI laboratory reinforced this point.
In one instance, there was an accidental blockage in the gas exhaust system from the
pollution chambers, and a small amount of H2S backed up into the other chamber, in
which an ozone experiment was in progress. All the silver films in the ozone chamber
showed very heavy silvermirroring. In another case, microfilm samples hung up in the
laboratory at room conditions (with a measured ozone concentration of 0.025 ppm)
showed silvermirroringwithin one year at 21C, 50% RH.
This suggests that the silver-image deterioration mechanism occurs in two or more
steps, one of oxidation followed by a reaction of some other species (for example, of
sulfide) with the oxidized silver. The
pure oxidant gases do affect silver, but not dra
matically. It may be that the attack slows
down when an equilibrium is established
between metallic and ionic silver. These experiments suggest that a pure oxidant gas
atmosphere at low to moderate concentration does not convert enough silver into an
15
oxidized state to cause severe fading. However, if some other reactive species is present,
the equilibrium is disturbed by the reaction of oxidized silver with that other species.
This creates a new situationwhere further oxidation occurs in an effort to restore the
equilibrium. The net result is that relatively heavy doses of pure airborne oxidants
won't greatly affect silver, but small doses of oxidants and sulfide in combination can be
very destructive.
Effects of Sulfur-Containing Gases: SOz and H2S
Sulfur Dioxide and Hydrogen Sulfide on Color Images
Sulfur dioxide is another combustion-derived atmospheric pollutant of concern to
libraries and archives. Its action is sometimes of a reducing nature (by reactionwith
oxygen in air to form S03), and itmay further react to form sulfuric acid, P^SO^ The
primary concernwith airborne S02is that itwill form an acidic environment inmateri
als that absorb it. Gas concentrations used in the S02 and H2S experiments were the
same as those used with the oxidant gases (5 and 50 ppm). In general, neither S02or H2S
on their own caused much density loss to the materials in this study, even at elevated
temperatures and high humidity.
The effects on color images of 5 ppm S02 at 30C, 50% RH for five weeks are shown
in Figure 7. Little dye fading or discoloration occurred at these conditions. Higher
temperatures, concentrations, and RH's showed much the same results. It is doubtful
that S02by itself poses a significant threat to color images at plausible ambient gas
concentrations inside libraries or archives.
Hydrogen sulfide is a substance that has both artificial and natural sources in the
environment. It is produced by combustion of sulfur-containing fuels, and by the action
of bacteria and algae in organic decay processes. Though both gases contain sulfur, H2S
is quite different in its chemical action from S02. The chief chemical action of H2S is
direct formation of sulfides, especiallymetal sulfides. H2S is the primary reactant
in the
formation of tarnish films on silver and copper. The effects on color dye images can be
seen in Figure 8, which shows the results from an exposure to 5 ppm H2S at 50C, 50%
16
Figure 7 Effects ofS02 on color micrographicfilms and thermal hard-copy paper at
30
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RH for five weeks. As with S02, there is little effect on these color dyes by H2S. This was
also the experience even at elevated temperatures and humidities. It seems thatwith
color, H2S on its own is not a problem.
Sulfur Dioxide and Hydrogen Sulfide on Silver Images
These sulfur-containing gases also had Utile impact on the image density of silver im
ages when pure gas exposures were used. The effects of 5 ppm S02 at 30C, 50% RH on
silver films are shown in Figure 9. There was little density loss on the silver source
document or direct duplicatingmicrofilms, and this was also found at the higher con
centrations and temperature /humidity conditions.
Pure hydrogen sulfide had very little impact on images composed of metallic silver
in gelatin. The effects of 5 ppm H2S at 50C, 50% RH are shown in Figure 10. There is no
fading or density loss in any of the these film products. At higher temperatures and
humidities there was actually an initial density increase of 10% to 20% of original den
sity. This density increasewas apparently due to silver sulfide formation, but the change
occurred within the firstweek, and no further density change took place during the
five-week test period. There were no other substantial changes in these films. The antici
pated formation of redox blemishes or silvermirroring simply did not occur.
19
Figure 9 Effects ofS02 on black-and-white micrographicfilms at 30C, 50% RH, 5 ppm S02forfive
weeks.
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Figure 10 Effects ofH2S on black-and-white micrographic fUms at 50C, 50% RH, 5 ppmHS forfive
weeks.
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OVERVIEW OF ACCUMULATED DATA
The following table,which presents the results obtained at themildest conditions used in
the project [5 ppm of the four gases, 30C, 50% RH], summarizes the effects observed.
These data suggestwhich types ofphotographsmightbe harmed at themuch lower
levels of pollutants found inside archives and libraries. Though the 5-ppm pollutant
concentration representsmuch higher levels than can be found outside in a polluted city
atmosphere, the time period is only five weeks long. A small effect in such experiments
may indicate that serious deterioration due to air pollution will accrue over longer time
in storage. A large effect in such experiments definitely indicates that pollution will be a
major factor in deterioration.
Effects at
30
C, 50% RH, 5 PPM for Five Weeks
Materials Ozone NO, so2 H2S
Color Negative Some Some Slight None





Color Print Severe NT NT NT
Thermal Very Severe Very Severe NT NT





Vesicular Slight DI None None
Colloidal Silver None DI None DI
Silver, Untreated None None None DI
Silver, Polysulfide Treated None None None None
Silver, Direct Dupe None None None DI
ST = Stain DI = Density increase NT
= Material not tested at that condition Scale: None, Slight, Some, Severe, Very Severe
22
A broader view of the effects of a 5-ppm gas concentration is given by the graphs in
Appendices B and C. These graphs offer a view of the relative response caused by differ
ing temperatures and humidities and outline some of the more anomalous reactions
thatwere encountered in the project. Data from the 50-ppm tests are included in some
of the graphs but the bulk of the 50-ppm data are not represented here.
23
CONCLUSION
Two temperature /humidity chambers were designed and constructed to test the effects
of the fourmajor constituent gases of modern urban air pollution on 12 different photo
graphic materials. This research has established the sensitivity of the chromogenic dyes
inmodern color photographic materials to the oxidant gases ozone and nitrogen diox
ide. It has outlined the possibility of severe fading and mirroring of image silverwhen
exposed to low levels ofmixed oxidizing and sulfiding gases. The test conditions incor
porated in this study did not reproduce ambient conditions in storage environments
because, in an exploratory survey of this type, itwas more important to identifywhich
gases were a potential threat before embarking on long-term, low-level tests. IPI's re
search is continuing; a new study, entitled "Enclosures andAir Pollution in Image
Preservation,"
began October 1, 1993, using the apparatus developed in this project. In
the new study, IPI will build on the knowledge gained in the previous one, butwill
expand the scope to explore the mitigating effects of various enclosure materials toward
the pollutant gases and to use mixed gas atmospheres and near-ambient concentrations,
temperatures, and humidity conditions.
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EFFECTS OF OXIDIZING GASES
Ozone on Black andWhite
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COMPARISON OF THE EFFECT OF VARYING
HUMIDITIES AND OZONE CONCENTRATIONS ON
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COMPARISON OF THE EFFECT OF VARYING
HUMIDITIES AND OZONE CONCENTRATIONS ON
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COMPARISON OF THE EFFECT OF VARYING
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COMPARISON OF AGFA COLLOIDAL SILVER INDICATOR
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COMPARISON OF AGFA COLLOIDAL SILVER INDICATOR
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COMPARISON OF DIAZO FILM INCUBATED
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COMPARISON OF DIAZO FILM INCUBATED
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Comparision of the Effects of Humidity and Ozone
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EFFECTS OF OXIDIZING GASES
NO, on Black andWhite
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Comparison of Dye Loss and DMIN Gain
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EFFECTS OF SULFUR-CONTAINING GASES
S02 on Black andWhite
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Comparison of Various Temperatures. Humidities and
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Comparison of the Effects of Temperature. Humidity
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50C 5ppm Hydrogen sulfide
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70C 5ppm Hydrogen sulfide
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50C Sppm Hydrogen sulfide
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70C 5ppm Hydrogen sulfide
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APPENDIX C
EFFECTS OF SULFUR-CONTAINING GASES
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80%RH 5ppm Hydrogen sulfide
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